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Abstract 
 
One of the primary modes for pollutants to reach the human body is through their release 
into the atmosphere and dispersion in the nearby areas. This makes air emissions one of the 
important components of an environmental assessment. They are frequently of interest to the 
people living in the vicinity of the site. The analysis carried out in this research provides a 
framework for atmospheric dispersion modeling of air pollutants using AERMOD, the United 
States Environmental Protection Agency (US EPA) approved regulatory model, for modeling 
port related emissions. There are various sources of emissions from the ports, however for this 
study, emissions from roadways, small equipment, and marine related sources are considered.  
AERMOD was used to estimate ambient pollutant concentrations of selective criteria pollutants 
such as NOx, SO2, CO and PM10 from a hypothetical port.   
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1. INTRODUCTION 
1.1 About Ports 
The Oxford Dictionary definition of a port: As a town or city with a harbor, especially 
one where ships load and unload goods (Oxford Dictionary, 2006). In other words, a port is a 
harbor town or city where ships may take on or discharge cargo. 
Marine ports are a major hub of economic activity and an important source of 
employment in the United States.  However, ports are also one of the major sources of air 
pollution due to variety of activities carried out in managing day to day operations. The fuel 
which runs the ship engines, thousands of diesel trucks per day, mile-long trains, other port 
related equipment and various other activities at ports could potentially impact air quality and the 
health of the local communities if not managed properly. With the growth in World population 
and the World economy, international trade by sea is projected to increase. Expansions are being 
planned to accommodate greater cargo volumes in major ports in the United States as well as 
internationally.  
 
1.2 Activities in Port 
Functional Elements: Ports must have secured anchoring and berthing areas along with 
safe access routes for ships. They must also provide facilities which can be used for the 
embarking and disembarking of passengers, cargo handling equipment for goods to be loaded 
and unloaded onto ships, to have a well-organized ground transportation network either by road 
or rail and provide temporary storage function. 
Facility Elements: A port must constitute certain features and supporting equipment by 
having hydraulic structures that help ships anchor. It must be well featured with modern and 
reliable cargo handling and lifting equipment for assisting loading and un-loading of cargo from 
ships.  
Port Area Elements: The regional areas of water and land are the basic elements of any 
given port area. The water aspects of ports include the port channel, port basin, and anchorage 
area. On the other hand, the land aspect of port involves areas for loading and unloading 
operation zones and provides temporary storage yard. (AAPA, 2004)   
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1.3 Economic value and role in improving the quality of life 
 
Ports are vital installations and a symbol of global trade and serve as a gateway for the 
country. Statistics indicates that over 80% of the global trade of goods is carried out by ships. 
Shipping goods such as computers, mechanical component or parts, assembled products, travel, 
food and oil are some of the prominent commodities which influence the global economy. 
Hence, it can be concluded that ports are dynamic participants in the international transport chain 
and a significant part of the international trading system. In the US (2007) port activity 
contributed more than $3.15 trillion to the Gross Domestic Product and 13.3 million port related 
jobs were generated (AAPA, 2014). 
Many countries across the world majorly depend on their sea ports to meet the ever 
growing demand for global integration. In relative comparison to road, rail or air forms of trade 
or transportation, water transportation is an energy efficient and eco-friendly form of 
transporting goods or services. The main advantage of water transportation is that it requires 
little operational land area and it deals with large-volumes of freight and cargo. 
1.4 Globalization 
Ports are the main reason for the development of economic globalization by operating a 
variety of services such as preliminary or simple port cargo handling with an organized 
distribution center and also to provide complex functions related to port industry function, to 
operate with a modernized logistics services function, passenger travel advisory and information 
services function. By offering such services, ports have certainly been a significant contributor 
for improving a countries regional economic development and in turn contributing towards the 
world economy as an entity.   
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2. LITERATURE REVIEW 
The intermodal transfer of cargo between ships, barges, trucks and railroads are 
developed and maintained by public ports and the shore side facilities. Cruise terminals for the 
cruise passenger industry are built and maintained by ports. While the authorities of the port 
directly operate many marine terminals, they also serve as landlords to many tenant operations. 
These operations may include other entities, such as airports, bridges, and railroads. The U.S. 
military also depends on numerous ports to serve as bases for the operations and for deploying 
the troops and equipment during national emergencies. 
2.1 Major pollutants from ports 
• DIESEL PARTICULATE MATTER or Soot – Diesel particulate matter, or DPM, is a 
part of a complex mixture that makes up diesel exhaust. DPM has been identified as a 
toxic air contaminant based on its potential to cause cancer, premature death, and 
other health problems. 
• NITROGEN OXIDES – Nitrogen oxides, or NOx, are a group of highly reactive 
gases produced during the fuel combustion process. NOx reacts with volatile organic 
compounds in the presence of sunlight to form ground-level ozone and smog, and can 
contribute to respiratory problems. 
• SULFUR OXIDES – Sulfur oxides, or SOx, are gases formed when fuel containing 
sulfur, such as coal and oil, is burned. SOx can be found in the form of particulates in 
the air and can contribute to respiratory problems. 
• Carbon Monoxide 
• Hydrocarbons 
Port-related sources of air emissions (Source POLB, The Green Port) 
 
SHIPS 
 
TRUCKS 
 
HARBOR CRAFTS 
 
CARGO-HANDLING 
EQUIPMENT 
 
LOCOMOTIVES 
2.2 Diesel fuel 
 
Diesel fuel is a product of crude oil distillation. Diesel fuel is commonly utilized when 
there is high torque low speed application in engines, like those used in trucks, buses, trains, 
construction equipment, marine vessels, generators and cars. Diesel engine exhaust mainly 
comprises of two main constituents namely gases and soot particles. The gases and soot are in 
turn made up of many dissimilar substances. 
• Looking at the gas portion of diesel exhaust, it mainly comprises of nitrogen dioxide, 
sulfur oxides, carbon dioxide, carbon monoxide, nitric oxide and hydrocarbons, 
including polycyclic aromatic hydrocarbons (PAHs). 
• On the other hand, the soot portion or the particulate residual of diesel exhaust is a 
mixture of organic materials and traces of metallic compounds. 
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2.3 Air quality standards 
 
The Clean Air Act, which was last amended in 1990, requires the U.S. EPA to set 
National Ambient Air Quality Standards (NAAQS) for pollutants considered harmful to public 
health and environment. The Clean Air Act established two types of national air quality 
standards. Primary standards set limits to protect public health, including the health of 
"sensitive" populations such as asthmatics, children, and the elderly. Secondary standards set 
limits to protect public welfare, including protection against infrastructure, damage to wildlife, 
crops and vegetation. (SCSPA, 2005)  
 
Table 1. NAAQS for criteria pollutants (Source EPA) 
Pollutant 
Primary/ 
Secondary 
Averaging 
Time 
Level Health Impacts 
Carbon Monoxide primary 
8-hour 10310 μg/m3 (9 ppm) Fatigue, impaired vision, CNS and 
cardiovascular defects 1-hour 40090 μg/m3 (35 ppm) 
Nitrogen Dioxide 
primary 1-hour 188.18 μg/m3 (100 ppb) 
Increased bronchial sensitivity and reduced 
lung capacity 
primary and 
secondary 
Annual 99.73 μg/m3 (53 ppb)  
Particulate 
Matter 
PM2.5 
primary Annual 12 µg/m
3
 
 Health problems including asthma, bronchitis, 
acute and chronic respiratory symptoms such 
as shortness of breath and painful breathing, 
and premature death 
secondary Annual 15 µg/m
3
 
primary and 
secondary 
24-hour 35 µg/m
3
 
PM10 
primary and 
secondary 
24-hour 150 μg/m3 
Respiratory and cardiovascular defects. Also, 
an increase in short term mortality rate. 
Increased cardiopulmonary and lung cancer 
mortality rate 
Sulfur Dioxide 
primary 1-hour 196.5 μg/m3 (75 ppb)  Changes in the pulmonary function and 
increase in mortality rate 
secondary 3-hour 1310 μg/m3 (0.5 ppm) 
 
The U.S. EPA Office of Air Quality Planning and Standards (OAQPS) has set National 
Ambient Air Quality Standards for principal pollutants, which are called "criteria" pollutants, as 
listed in the above table. Units of measure for the standards are shown in parts per million (ppm) 
by volume or micrograms per cubic meter of air (μg/m3). The NAAQS are maximum 
concentrations measured in terms of local concentration of a pollutant in the atmosphere. The 
Clean Air Act also requires that the results of the ambient air quality monitoring to be used by 
the U.S. EPA to assign a designation to each area of the United States regarding compliance with 
the NAAQS.  
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The level of compliance or noncompliance is categorized as follows: 
• Attainment – Area currently meets the NAAQS. 
• Maintenance – Area currently meets the NAAQS but has previously been out of compliance. 
• Nonattainment – Area currently does not meet the NAAQS.  (SCSPA, 2005) 
 
2.4  Health effects from these pollutants 
The diesel engines which power ships, trucks, trains, and cargo-handling equipment are 
responsible for creating vast amounts of air pollution that affects the health of workers and 
people living in nearby communities. More than 30 human epidemiological studies have pointed 
that diesel exhaust increases cancer risks.  
 
There are engines powering different port operations and equipment which contribute to 
considerable levels of fine particulates (PM2.5), sulfur dioxides (SO2), ozone-forming nitrogen 
oxides (NOx) and hydrocarbons (HC). The Hydrocarbon and NOx emissions collectively form 
ozone at the ground level which is termed as smog and along with particulate matter are known 
to have severe health issue for individuals with asthma or heart diseases and may affect children 
too. (EPA New England, 2008) 
 
The exhaust gases produced by combusting diesel fuel are known as diesel exhaust. 
Unlike gasoline that is ignited with a spark, diesel fuel is combusted at elevated temperature by 
compressing a prefixed air and fuel mixture in a closed volume. Diesel exhaust comprises of a 
mixture of thousands of residual gases and fine particulate matter (commonly known as soot) 
which constitutes about 40 toxic air contaminants. Some of these exhaust gases are benzene, 
arsenic and formaldehyde which are responsible for heart and cancer diseases. PM 2.5 & PM10 
being fine and tiniest in nature, the inhaled particles can stay in lungs and can be absorbed into 
the bloodstream, and, therefore, enter the central nervous system as well as other organs. (U.S 
EPA) 
 
Diesel engine exhausts: Some compounds and classes of compounds in vehicle engine 
exhaust (International Agency for Research on Cancer, IARC, 1989, vol 46; 41-185):  
 
Gas phase: 
1. Acrolein-acute irritant of mucous membranes, lungs, eyes; nosebleeds, cough, 
hoarseness, tearing of eyes, upper respiratory tract irritation; acute exposures of 1 ppm 
per 5 min are intolerable; exposures of 10 ppm per 10 min cause pulmonary edema and 
death.  
2. Ammonia-thermal and chemical burns; skin, eye, lung burns; chemical pneumonia; GI 
esophageal strictures—increased risk of cancer.  
3. Benzene-anemia, aplastic anemia, leukemia, multiple myeloma, thrombocytopenia, 
Hodgkins Lymphoma; ototoxic.  
4. 1-3, Butadiene-lymphomas, leukemia’s, multiple myeloma.  
5. Formaldehyde-occupational asthma, possible increased risk of nasal and lung cancer.  
6. Formic acid-burns-skin and respiratory.  
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7. Hydrogen cyanide-acute: hypoxia, convulsions, coma, death; chronic: decreased thyroid 
function; neuropathy, optic atrophy (loss of sight), neuropsychological effect.  
8. Hydrogen sulfide-acute poisoning with fatalities; severe eye and respiratory irritation, 
pulmonary edema, coma, death. Chronic lung disease, Keratitis (inflammation of the 
cornea).  
9. Methane-inert asphyxiant.  
10. Methanol-blindness (optic neuropathy).  
11. Nitric acid-burns; delayed cyanosis and respiratory symptoms (1-24 hrs.), lung disease.  
12. Nitrous acid-burns.  
13. Oxides of nitrogen-myeloneuropathy (loss of motor function of peripheral nerves).  
14. Sulfur dioxide-acute respiratory infections. 
15. Toluene-Kidney disease; neurotoxicity, prostate cancer, acute central nervous system 
depressant.  
16. Carbon monoxide- carbon monoxide poisoning-headache, dizziness, drowsiness, nausea, 
vomiting collapse, coma, death; low level carbon monoxide: enhances myocardial 
alterations in individuals with restricted coronary artery blood flow; damage to motor 
function of the central nervous system.  
17. Sulfur dioxide-irritant to mucous membranes, rhinitis, conjunctivitis, corneal burns, and 
opacity; death from asphyxia, bronchopneumonia; chronic fatigue, altered sense of smell, 
bronchitis; increased RBC, possible co-carcinogen in animal models.  
Particulate Phase: 
Diesel particles 0.1-0.5 microns in size; enhanced absorption of particles less than 0.2 microns.  
 
Heterocyclics and derivatives Hydrocarbons (C14-C35) and derivatives:  
1. Inorganic sulfates and nitrates 
2. Metals (e.g. Lead and Platinum)  
3. Polycyclic aromatic hydrocarbons and derivatives (nitroarenes, thioarenes, and many 
others). 
Associated with bronchial cancer, lung cancer, bladder cancer, prostate cancer.  
IARC Overall evaluation:  Diesel engine exhaust is probably carcinogenic to humans. (Williams, 
Patricia M, 1997) 
Recent data has revealed that more than 90% of the particles are very ultrafine (ultrafine 
< 0.1 microns) and readily enters in the body cells. The chemicals attached to the particles get 
deep into lungs and dissolve in the fluid that coats the airways and are absorbed into the body. 
These particles are believed to be more toxic than larger particles and stay in the body for much 
longer duration, increasing the exposure time to the toxicants in diesel exhaust. The fine and 
ultrafine particles have the capability of remaining suspended in the air for a long duration of 
time and can also travel great distances with the wind. (U.S EPA) 
 
Particulate matter pollution, or PM, is formed when wood, gasoline or diesel is 
combusted. It ranges from coarse dust kicked up from dirt roads to microscopic sooty particles. 
Much of this fine PM is so small that it is invisible to the eye which comes from diesel engine 
exhaust. A fine PM, which is less than 1⁄20 the diameter of a human hair, can travel deep into the 
lungs, landing in the delicate air sacs where oxygen exchange usually occurs. 
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Short-term (acute) health effects: 
 Irritated eyes, nose, throat and lungs 
 Cough 
 Headache 
 Chest tightness 
 Feeling “lightheaded” 
 Nausea and/or vomiting 
 
Long-term (chronic) health effects: 
 Many studies have pointed towards diesel exhaust particles to be a major cause of 
cardiovascular (heart) problems and increase in the risk of lung cancer due to long-time 
exposure. 
 These exposures may interact with cigarette smoke and asbestos to magnify the risk of lung 
cancer. 
 Low birth weight and pre-mature births; decreased lung function; and premature death in 
people with heart and lung disease are other major effects caused due to diesel exhaust. (U.S 
EPA) 
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2.5 Control measures 
The main diesel engine exhaust pollutants that are of a concern are the oxides of nitrogen, 
commonly termed as (NOx) and the particulate matter (PM). These pollutants are harmful to both 
public health and the environment. To address this issue, EPA has advocated a unique three-
pronged approach to monitor and maintain a regulation for marine engines that will result in 
emission reductions. The three strategies by EPA include:  
 
1) Operating Marine diesel engines with a cleaner ULSD fuel which results in reducing the 
harmful emissions. 
2) The new vessels that are to be introduced in ports must be a certified low-emission engine. 
3) For existing marine diesel engines beyond 600 KW (manufactured in 1973 or later), a certified 
rebuild kit to be provided. 
 
  Typically, marine diesel engines are built to last for decades and if they are 
remanufactured well; they are basically extending their life well ahead of the life of the vessel. 
Rebuilding marine vessels with modern low emission and highly efficient diesel engines is 
advantageous in both environmental and economic aspects. As a rule of thumb, engine repowers 
only make good economic and environmental sense if the fuel consumption is greater than 100 
gallons of fuel annually for each horsepower (each hp) of installed engine capacity. Smarter 
engines will certainly show characteristics of improved brake specific fuel consumption, 
reducing the overall operating costs and consequently resulting in low engine exhaust emissions. 
With escalating fuel charges these days, economics is more favorable towards revitalizing older 
port vessels and cargo handling equipment to implement modern efficient engines. 
  
Diesel engines are extensively and widely used at several ports across the world to 
perform activities such as handling freight, trains and trucks to transport good in and out of ports 
and most importantly powering ships for their mobility. In recent years, sea trading has grown 
extensively and continues to become stronger in the form of container freight volumes, 
increasing demand for seafood processing and travel cruise ship emphasize the requirement for 
port authorities to reduce diesel emissions.  
Port Authority of New York/ New Jersey, container terminal, the cargo handling 
equipment at the port were retrofitted with regenerative diesel particulate filters and the 
locomotives operating in and out the port operate under piloting idle reduction to reduce diesel 
emissions.  
The MassPort Conley Container Terminal in Boston incorporates ultra-low sulfur diesel 
(ULSD) for all its cargo handling and yard operations. They have also installed modern low 
emission and maximum efficiency engines for fishing vessels and dray trucks.  
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3. SCOPE OF WORK 
3.1 Objectives 
  
The main objective of this research was to develop a framework for atmospheric 
dispersion modeling of port air emissions.  In order to develop this framework, a hypothetical 
(imaginary) port was used to perform atmospheric dispersion modeling of important air emission 
sources that are typically seen at ports to understand the impact on ambient air quality.   
Pollutants of concern for this study were selective criteria pollutants such as oxides of nitrogen 
(NOx), sulfur dioxide (SO2), carbon monoxide (CO) and particulate matter less than 10 micron in 
size (PM10). 
  
3.2 Specific objectives 
  
The specific objectives of this research were: 
  
 Review atmospheric dispersion models and identify a suitable model for this research. 
 Identify sources of air pollution at the port. 
 Estimate emission rates of each pollutant (NOx, SO2, CO and PM10) for all selected 
sources using an arbitrary activity level. 
 Compute incremental ambient concentrations due to emissions from the port. 
 Identify impacted areas using the results obtained. 
 Compare modeled ambient concentrations with the US EPA’s National Ambient Air 
Quality Standards (NAAQS). 
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4. METHODOLOGY 
 
Air pollution dispersion modeling plays an important role in identifying areas with 
elevated air pollutant concentrations. Pollutants that are transported, combined, and diluted by 
the local winds can be found by dispersion modeling which applies a time-averaged, simplified 
representation of turbulent, atmospheric transport. Input to the model is the emissions from 
various sources with distinct characteristics. 
4.1 Why Breeze AERMOD 
 
Many other short–range transport models like CALPUFF, SCICHEM and Industrial 
Source Complex Short Term Version 3 (ISCST3) are suitable for the modeling. AERMOD is 
more sophisticated one than ISCST3. AERMOD accounts for elevation changes whereas 
CALPUFF does not. AERMOD shows better performance than ISCST3 as per different studies. 
It was developed under the direction of the American Meteorological Society and the United 
States Environmental Protection Agency [US EPA]. It contains improvements in the description 
of the planetary boundary layer turbulence, plume interaction with the terrain, building 
downwash and dispersion over urban areas. It replaces the older Industrial Source Complex 
[ISC] model that had been used as the regulatory standard model for many years. (Cohan et el., 
2011) 
The CAL3QHCR (CALINE3 based model) is limited to only roadway modeling while 
AERMOD can model the impacts from both roadways and stationary sources. Results of 
roadway modeling using AERMOD are consistent with those from using CAL3QHCR.  
 
AERMOD available on EPA’s website operates in DOS prompt and is tedious to enter 
the values in notepad to create the input file. Although it may seem to be a cumbersome 
technique, it is recommended to work on this platform initially which helps to strengthen the 
basics of the dispersion modeling. 
Breeze AERMOD was chosen for this study because of its user-friendly graphical interface.  
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4.2 About AERMOD 
 
To simulate the pollutant dispersion transport, plume models are commonly used. These 
models predict impacts of various sources considering the effect of meteorology and topography. 
The United States Environmental Protection Agency (EPA) recommends AERMOD, which is 
most recent plume model. 
AERMOD was introduced by The American Meteorological Society/EPA Regulatory 
Model Improvement Committee to provide a state-of-the-art dispersion model for routine 
regulatory applications (EPA, 2004a).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. AERMOD process flow 
AERMOD is a modeling system that consists of two pre‐processors and the dispersion 
model. A preprocessor for the meteorological data (AERMET) generates the data needed to 
characterize the planetary boundary layer while the terrain pre‐processor (AERMAP) is used to 
provide the surface characteristics that the model requires and to develop the receptor grids used 
by the model.  
 
AERMET uses meteorological data and surface characteristics to calculate boundary 
layer parameters (e.g. mixing height, friction velocity, etc.) needed by AERMOD. This data, 
whether measured off‐site or on‐site, must be representative of the meteorology in the area being 
considered. AERMAP uses gridded terrain data for the modeling area to calculate a 
representative terrain influence height associated with each receptor location. While for most 
locations in the United States, this data can be derived from the Digital Elevation Model (DEM) 
data produced by the United States Geological Survey (USGS 1994). The terrain preprocessor 
computes elevations for both discrete receptors and receptor grids. (Chandler, 2014) 
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The AERMOD modeling system is comprised of four primary components: 
 
• AERMET – Meteorological data pre-processor; 
• AERMAP – Digital terrain pre-processor; 
• BPIP-PRIME – Building downwash processor; and, 
• AERMOD – Air dispersion model. 
 
AERMOD incorporates air dispersion based on planetary boundary layer turbulence 
structure and scaling concepts, including treatment of both surface and elevated sources, and 
both simple and complex terrain (Cimorelli et al.,2005). The current EPA approved AERMOD 
model version 09292 was utilized using BREEZE software (version 7.2). 
 
Maximum ground-level predicted concentrations were determined by using AERMOD in 
the regulatory default mode. The model was set up to calculate different averaging times 
depending on the type of pollutant.  
 
AERMOD is capable of modeling multiple emission sources and buildings and it is 
necessary to enter all of the information in a consistent coordinate system. AERMOD uses hour-
by-hour meteorology that is aligned to the north and requires the coordinates of the sources and 
buildings to be aligned in the same manner. The most common coordinate system used is the 
Universal Transverse Mercator (UTM) system. UTM coordinates consist of a Northing and an 
Easting, both in meters, and a zone. The most common datum is NAD83 (North American datum 
of 1983). AERMOD outputs the model predicted concentrations at specified receptor locations, 
which can be defined as a gridded network of receptors and/or individual points within the 
coordinate system being used (Maqsood, 2012). In this research Cartesian coordinate system is 
used for modeling. 
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4.3 Assumptions 
 
As the purpose of this research was to develop a framework for modeling air emissions 
expected from an imaginary port, all associated assumptions considered are on “arbitrary” basis 
as listed below: 
 
1. Emission rates for all pollutants are calculated for a hypothetical scenario using an 
arbitrary port activity level for each source considered. 
2. Roadway sources: Operations of the roadway sources in and around the hypothetical port 
are based on pure assumptions. 
3. Area sources: The areal extent of area sources considered [operational area (m2)] is again 
based on pure assumptions.  
4. Location: The location of operation for all the sources used in this modeling is an 
assumption. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
14 
 
4.4 Emission sources 
 
Generally, when a fossil fuel is burned there is the potential for emissions of oxides of 
nitrogen, sulfur dioxide, carbon monoxide and carbon dioxide, particulate matter and volatile 
organic compounds. These contaminants are released in varying amounts from different types of 
combustion activities such as: 
 
 Diesel fuel used to power ships that visit the harbor or the trucks used to transport 
materials out of the harbor area. Diesel fuel also powers front end loaders and 
railway. 
 
 Gasoline and diesel fuel used by cars and other vehicles accessing the harbor area and 
other small equipment in the port area. 
 
Three separate emission sources are considered in this research; roadways, small 
equipment used in ports and marine related emission sources.  
 
Roadway emissions: Emissions from port vehicles are considered. This contains data 
about criteria pollutants emission rate in g/s. Roadway segment is divided into adjacent squares 
where the side length is equal to the calculated width of the road and these elements are 
modelled as volume sources.  
 
“VH” means vehicle height  
“VW” means vehicle width  
“VL” means vehicle length  
 
Recommended Volume Source Configuration: 
 Adjacent Volume Source  
 Top of Plume Height – 1.7 x VH 
 Volume Source Release Height – 0.5 x Top of Plume height 
 Width of Plume – VW + 6m for single lane roadways “or” Road Width + 6m for two lane 
roadways. 
 
The 1.7 factor in the Top of Plume Height equation above is supported by information in 
a 2005 Atmospheric Environment paper by Gillies, et. al, entitled Effect of Vehicle 
Characteristics on Unpaved Road Dust Emissions. The Width of Plume value is based on a 
conservative adaptation of monitor placement guidance from EPA’s 1992 document, Guideline 
for Modeling Carbon Monoxide from Roadway Intersections. 
 
Recommended Area Source Configuration 
 Length – length of roadway segment  
 Width – VW + 6m for single lane “or” Road Width + 6m for two-lane  
 Top of plume height – 1.7 x VH 
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Table 2. Vehicle modeling parameters 
Port Vehicles     
Gasoline     
Vehicle width (m) Model width (m) Vehicle height (m) 
2.5 8.5 1.9 
Diesel     
Vehicle width (m) Model width (m) Vehicle height (m) 
2.5 8.5 3.02 
 
Vehicle width is based on the vehicle make and model given in Table.5 and Table.6. 
Maximum value for the vehicle width of all vehicle types is taken for modelling. 
 
Small equipment: Small equipment like forklifts, lawn mowers, small generators and 
welding machines operated for port related activities are second category of source for 
modelling. These sources are modelled as area sources. 
 
 Marine related emissions: Emissions from marine related sources like tug boats and 
fireboats are considered. The dimensions of the release area are assumed near the docking areas 
and piers but do not include land areas. Marine activities like dredging and emissions from pile 
drivers are also considered for this study. These are modelled as area sources.  
 
Initial Vertical Dimension (σZo) (he = effective emission height)  
Surface-based Volume (or Area) Source (he~0)  
σZo = vertical dimension of source divided by 2.15 
Area source release height 
Emissions from marine vessel are assumed to be released from a height of 6.096 m. 
(CARB, 2006). Emissions from forklift and small equipment are assumed to be released from a 
height of 4.57 m. 
 
Table 3. Area source modeling parameters 
 Source Release height (m) 
Vertical height of source 
(m) 
Initial vertical Dimension 
(m) 
Small Equipment 4.57 3 1.395 
Marine 6.096 9 4.186 
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Table 4. Source categories 
 
  Source Source type 
Roadways Port vehicles 
Roadway (Distributed volume 
sources) 
Machines 
Small equipment (Lawn mower, mini 
generator) 
Area 
Forklift, welding machine Area 
Marine 
Tug boat Area 
Fireboat Area 
Pile driver Area 
Dredge Area 
 
 
 
4.5 Emission factors  
 
Rate at which a pollutant is released divided by level of activity from the emission source 
gives the emission factor. Emissions inventory was developed for this analysis. Source categories 
of emissions and their emission factors are listed below: 
 
a) On road mobile sources- Air pollutant emission factors used were based on vehicle type 
and model year. Since emission factor varies due to changes in engine technologies, 
changes in fuel specification regulation, implementation of tighter control programs, 
therefore updated factors are required for improved and accurate modeling.  These values 
were taken from EPA MOVES results as listed in the Appendix.  
 
b) Small equipment- Emission factors for this analysis for small equipment like lawn 
mowers, and mini generators were taken from AP-42 as listed in the Appendix.  
 
c) Marine related sources- Emission factors for marine related sources like fireboats, pile 
driver and dredge were taken from California EPA, Air Resources Board as listed in the 
Appendix. 
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4.6  Ports – Emissions from fuel combustion 
 
Based on the emission factors mentioned above, selective criteria pollutant emission rate 
were estimated. 
 
On Road mobile sources 
 
Column 5, 6, 7 and 8 from Table.5 & 6 below show the emission factors in g/miles based 
on vehicle type and model year. Column 9, 10, 11 and 12 are the estimated emission rates in 
g/sec for NOx, SO2, CO and PM10 respectively.  
 
Sample: Column 9 g/sec = Column 4 
     
    
 x Column 5 
 
     
 x 
      
               
 
 
1.1556 x 10
-3
 g/sec = 34942 
     
    
 x 1.0430 
 
     
  x  
      
               
  
 
Small equipment 
Column 3, 4, 5 and 6 from Table.7 & 8 below show the emission factors derived from 
AP-42. Column 11, 12, 13 and 14 are the estimated emission rates in g/sec for NOx, SO2, CO and 
PM10 respectively. And Column 15, 16, 17 and 18 are the calculated emission rates in g/s-m
2
. 
 
Sample:  
Gasoline  
Column 7 g/gal = Column 3 
   
     
 x  
       
          
 x 
   
   
 x 
        
    
 
 
85.8 g/gal = 1.63 
   
     
 x 
       
          
 x 116090 
   
   
  (gasoline) x 
        
    
 
 
Column 11 g/sec = Column 7 
 
    
 x Column 2 
   
     
 x 
      
               
 
 
1.48 x 10
-4
 g/sec = 85.8 
 
    
 x 54.47 
   
     
 x 
      
               
 
 
Area= 13176.7 m
2
 
Column 15, Emission rate in g/s-m
2 
= Column 11 ÷ Area 
 
1.13 x 10
-8
 g/s-m
2
 = 1.48 x 10
-4
 ÷ 13176.7 
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Diesel  
Sample:  
Column 7 g/gal = Column 3 
   
     
 x  
       
          
 x 
   
   
 x 
        
    
 
 
257 g/gal = 4.41 
   
     
 x 
       
          
 x 128450 
   
   
 (diesel) x 
        
    
 
 
 
Column 11 g/sec = Column 7 
 
    
 x Column 2 
   
     
 x 
      
               
 
 
1.99 x 10
-4
 g/sec = 257 
 
    
 x 24.48 
   
     
 x 
      
               
 
 
Assumed Area= 13176.7 m
2
 
Emission rate in g/s-m
2 
= Column 11 ÷ Area 
 
1.51 x 10
-8
 g/s-m
2
 = 1.99 x 10
-4
 ÷ 13176.7 
 
19 
 
Table 5. Emission rates of port vehicles (Gasoline) 
Make & Model 
Make 
Year 
Vehicle Type 
Miles/ 
year 
Emission Factor (g/miles) Emission rate (g/sec)  
        NOx SO2 PM10 CO NOx SO2 PM10 CO 
1 2 3 4 5 6 7 8 9 10 11 12 
Ford Taurus 1999 Passenger car 34942 1.0430 0.0287 0.0101 6.0580 1.1556E-03 3.18E-05 1.12E-05 6.7123E-03 
Chevy Astro 
Van 
1996 Passenger Van 10877 2.3190 0.0410 0.0253 13.1972 7.9984E-04 1.41E-05 8.73E-06 4.5518E-03 
Ford Fusion 2008 Passenger car 11351 0.1405 0.0060 0.0077 2.9184 5.057E-05 2.2E-06 2.8E-06 1.0504E-03 
Ford Ranger 1996 
Passenger 
truck 
39249 2.3190 0.0410 0.0253 13.1972 2.8862E-03 5.10E-05 3.15E-05 1.6425E-02 
Ford Taurus 2000 Passenger car 38390 1.0271 0.0253 0.0103 5.9614 1.2503E-03 3.08E-05 1.25E-05 7.2570E-03 
Ford Explorer 2008 SUV 16952 0.1405 0.0060 0.0077 2.9184 7.552E-05 3.2E-06 4.1E-06 1.5688E-03 
Ford Van E-
Series 
2007 Passenger Van 3386 0.3863 0.0097 0.0137 5.2937 4.148E-05 1.0E-06 1.47E-06 5.684E-04 
Ford CV 2008 Passenger Car 26431 0.1405 0.0060 0.0077 2.9184 1.178E-04 5.0E-06 6.5E-06 2.4460E-03 
Ford F-150 2009 
Passenger 
truck 
12038 0.3262 0.0074 0.0136 5.0982 1.245E-04 2.8E-06 5.19E-06 1.9461E-03 
Chevy 3500 1996 
Passenger 
truck 
18590 2.3190 0.0410 0.0253 13.1972 1.3670E-03 2.42E-05 1.49E-05 7.7796E-03 
Ford F-350 C 2001 
Passenger 
truck 
50137 1.3507 0.0319 0.0161 10.5410 2.1474E-03 5.07E-05 2.56E-05 1.6758E-02 
DODGE  2008 Passenger car 14379 0.1405 0.0060 0.0077 2.9184 6.406E-05 2.7E-06 3.5E-06 1.3307E-03 
Ford F-150  2012 
Passenger 
truck 
1592 0.3111 0.0062 0.0134 4.9848 1.570E-05 3.1E-07 6.76E-07 2.516E-04 
Ford F-250  2012 
Passenger 
truck 
1552 0.3111 0.0062 0.0134 4.9848 1.531E-05 3.1E-07 6.59E-07 2.453E-04 
Chevy Blazer 1998 SUV 24288 1.0902 0.0297 0.0121 6.3217 8.3964E-04 2.29E-05 9.32E-06 4.8688E-03 
      
  Total 1.0951E-02 2.43E-04 1.39E-04 7.3760E-02 
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Table 6. Emission rates of port vehicles (Diesel) 
Make & 
Model 
 Make 
year 
Vehicle Type 
Miles/ 
year 
Emission Factor (g/miles) Emission rate (g/sec)  
        NOx SO2 PM10 CO NOx SO2 PM10 CO 
1 2 3 4 5 6 7 8 9 10 11 12 
Ford F-550 2007 
Passenger 
truck 
66508 1.9454 0.0105 0.0140 0.4683 4.1028E-03 2.21E-05 3.0E-05 9.876E-04 
Ford F-350  2006 
Passenger 
truck 
45071 3.8388 0.0164 0.2153 1.9740 5.4864E-03 2.34E-05 3.077E-04 2.8212E-03 
Ford F650  2012 Heavy Truck 1052 10.9681 0.0186 0.5373 3.8394 3.659E-04 6.192E-07 1.792E-05 1.281E-04 
Chevy 3500  1998 
Passenger 
truck 
101865 4.6926 0.0866 0.2952 3.3729 1.5158E-02 2.80E-04 9.535E-04 1.0895E-02 
Dump Truck 1994 Heavy Truck 13217 10.9681 0.0186 0.5373 3.8394 4.5968E-03 7.78E-06 2.252E-04 1.6091E-03 
Ford F-700  1994 Heavy Truck 9600 10.9681 0.0186 0.5373 3.8394 3.339E-03 5.65E-06 1.636E-04 1.169E-03 
Ford F-550 2002 
Passenger 
truck 
23448 4.6111 0.0665 0.2856 3.2060 3.4285E-03 4.94E-05 2.124E-04 2.3838E-03 
Dump Truck 1995 Heavy Truck 32811 10.9681 0.0186 0.5373 3.8394 1.1412E-02 1.93E-05 5.590E-04 3.9946E-03 
Ford F-350  1999 
Passenger 
truck 
74347 4.6942 0.0810 0.2878 3.1997 1.1067E-02 1.91E-04 6.785E-04 7.5434E-03 
Dump Truck 1992 Heavy Truck 1727 10.9681 0.0186 0.5373 3.8394 6.006E-04 1.02E-06 2.942E-05 2.103E-04 
       
Total 5.9556E-02 6.00E-04 3.177E-03 3.1742E-02 
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Table 7. Small equipment emission rates (Gasoline) 
No. 
Fuel 
consumption 
(gal/year) 
Emission Factor 
(lb/MMBtu) 
Emission Factor (g/gal) Emission rate (g/sec) Emission rate (g/sec-m
2
) 
  
NOx SO2 PM10 CO NOx SO2 PM10 CO NOx SO2 PM10 CO NOx SO2 PM10 CO 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
1 54.47 1.63 0.084 0.10 62.7 85.8 4.4 5.3 3302 1.48E-04 7.6E-06 9.1E-06 5.70E-03 1.13E-08 5.8E-10 6.9E-10 4.33E-07 
2 74.88 1.63 0.084 0.10 62.7 85.8 4.4 5.3 3302 2.04E-04 1.1E-05 1.3E-05 7.84E-03 1.55E-08 8.0E-10 9.5E-10 5.95E-07 
3 148.37 1.63 0.084 0.10 62.7 85.8 4.4 5.3 3302 4.04E-04 2.1E-05 2.5E-05 1.55E-02 3.06E-08 1.6E-09 1.9E-09 1.18E-06 
5 95.96 1.63 0.084 0.10 62.7 85.8 4.4 5.3 3302 2.61E-04 1.3E-05 1.6E-05 1.00E-02 1.98E-08 1.0E-09 1.2E-09 7.62E-07 
6 14.81 1.63 0.084 0.10 62.7 85.8 4.4 5.3 3302 4.03E-05 2.1E-06 2.5E-06 1.55E-03 3.06E-09 1.6E-10 1.9E-10 1.18E-07 
7 30.11 1.63 0.084 0.10 62.7 85.8 4.4 5.3 3302 8.20E-05 4.2E-06 5.0E-06 3.15E-03 6.22E-09 3.2E-10 3.8E-10 2.39E-07 
9 12.50 1.63 0.084 0.10 62.7 85.8 4.4 5.3 3302 3.40E-05 1.8E-06 2.1E-06 1.31E-03 2.58E-09 1.3E-10 1.6E-10 9.93E-08 
10 23.65 1.63 0.084 0.10 62.7 85.8 4.4 5.3 3302 6.44E-05 3.3E-06 3.9E-06 2.48E-03 4.89E-09 2.5E-10 3.0E-10 1.88E-07 
Welding m/c 16.72 1.63 0.084 0.10 62.7 85.8 4.4 5.3 3302 4.55E-05 2.3E-06 2.8E-06 1.75E-03 3.45E-09 1.8E-10 2.1E-10 1.33E-07 
         
Total 1.28E-03 6.6E-05 7.9E-05 4.94E-02 9.74E-08 5.0E-09 6.0E-09 3.75E-06 
 Table 8. Small equipment emission rates (Diesel) 
No. 
Fuel 
consumption 
(gal/year) 
Emission Factor 
(lb/MMBtu) 
Emission Factor (g/gal) Emission rate (g/sec)  Emission rate (g/sec-m
2
)  
    NOx SO2 PM10 CO NOx SO2 PM10 CO NOx SO2 PM10 CO NOx SO2 PM10 CO 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
1 24.48 4.41 0.29 0.31 0.95 257 17 18 55 1.99E-04 1.3E-05 1.4E-05 4.3E-05 1.51E-08 1.0E-09 1.1E-09 3.3E-09 
2 11.25 4.41 0.29 0.31 0.95 257 17 18 55 9.17E-05 6.0E-06 6.4E-06 2.0E-05 6.96E-09 4.6E-10 4.9E-10 1.5E-09 
3 16.78 4.41 0.29 0.31 0.95 257 17 18 55 1.37E-04 9.0E-06 9.6E-06 2.9E-05 1.04E-08 6.8E-10 7.3E-10 2.2E-09 
4 30.45 4.41 0.29 0.31 0.95 257 17 18 55 2.48E-04 1.6E-05 1.7E-05 5.3E-05 1.88E-08 1.2E-09 1.3E-09 4.1E-09 
5 23.89 4.41 0.29 0.31 0.95 257 17 18 55 1.95E-04 1.3E-05 1.4E-05 4.2E-05 1.48E-08 9.7E-10 1.0E-09 3.2E-09 
Forklift 6.2 4.41 0.29 0.31 0.95 257 17 18 55 5.05E-05 3.3E-06 3.6E-06 1.1E-05 3.83E-09 2.5E-10 2.7E-10 8.3E-10 
         
Total 9.21E-04 6.1E-05 6.5E-05 2.0E-04 6.99E-08 4.6E-09 4.9E-09 1.5E-08 
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Marine vessel 
 
Column 3, 4, 5 and 6 from Table.10 below show the emission factors in lb/Mgal based. 
Column 7, 8, 9 and 10 are the estimated emission rates in g/sec for NOx, SO2, CO and PM10 
respectively.  
Sample:  
Column 7 g/sec = Column 3 
  
     
 x Column 2 
   
     
 x 
     
         
 x 
        
    
 x 
      
               
 
        
1.08 x 10
-3
 g/sec = 300 
  
     
 x 251 
   
     
 x 
     
         
 x 
        
    
 x 
      
               
 
 
Table 9. Area of operation assumed for AERMOD modeling 
 
 
 
 
Column 11 g/sec-m
2
 = Column 7 ÷ Area 
1.46 x 10
-7
 g/sec-m
2
 = 1.08 x 10
-3
 ÷ 7422.1 
4.7 Receptors  
The AERMOD modeling uses a Cartesian Grid of receptors that are located within a 
radius of 3 km around the port area. A total of 441 receptors have been used in the AERMOD 
modeling for ports.  
 
4.8 Meteorological data 
The research conducted in this thesis utilizes the 1991 meteorological data for one year. 
 
4.9 Building downwash  
Buildings that are located adjacent to sources in the model would change normal 
atmospheric flow and plume dispersion therefore the effects of building downwash on all sources 
in the model were taken into consideration. The Building Profile Input Program (BPIP), 
contained within the BREEZE implementation of AERMOD, was utilized to calculate projected 
building dimensions.  
4.10 Terrain effects 
The AERMAP processor was implemented through the use of BREEZE software.  The 
preprocessor AERMAP can be employed to obtain terrain elevations at these receptors using the 
National Elevation Data (NED). Terrain effects are ignored in this model. 
4.11 Model runs 
Modeling is done for one year for a hypothetical scenario of port emissions. Model was 
run for all source categories for each pollutant.  
 Tug boat Fireboat  Pile driver Dredge 
Area (m
2
) 7422.1 6646.8 9764 11444.2 
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Table 10. Emission rates of marine related sources (Diesel) 
Vessel 
Fuel 
Consumption 
(gal/year) 
Emission Factor (lb/Mgal) Emission rate (g/sec)  Emission rate (g/sec-m
2
)  
    NOx SO2 PM10 CO NOx SO2 PM10 CO NOx SO2 PM10 CO 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Tug boat 
251 300 125.6 17 61 1.08E-03 4.534E-04 6.1E-05 2.2E-04 1.46E-07 6.109E-08 8.3E-09 3.0E-08 
245 300 125.6 17 61 1.06E-03 4.426E-04 6.0E-05 2.1E-04 1.42E-07 5.963E-08 8.1E-09 2.9E-08 
200 300 125.6 17 61 8.63E-04 3.613E-04 4.9E-05 1.8E-04 1.16E-07 4.868E-08 6.6E-09 2.4E-08 
        Total 3.00E-03 1.257E-03 1.7E-04 6.1E-04 4.05E-07 1.694E-07 2.3E-08 8.2E-08 
Fireboat  
1400 300 125.6 17 61 6.04E-03 2.529E-03 3.4E-04 1.2E-03 9.09E-07 3.805E-07 5.2E-08 1.8E-07 
1400 300 125.6 17 61 6.04E-03 2.529E-03 3.4E-04 1.2E-03 9.09E-07 3.805E-07 5.2E-08 1.8E-07 
1900 300 125.6 17 61 8.20E-03 3.432E-03 4.6E-04 1.7E-03 1.23E-06 5.164E-07 7.0E-08 2.5E-07 
        Total 2.03E-02 8.491E-03 1.1E-03 4.1E-03 3.05E-06 1.277E-06 1.7E-07 6.2E-07 
Pile 
Driver 
1200 472 125.6 17 237.7 8.15E-03 2.168E-03 2.9E-04 4.1E-03 8.34E-07 2.220E-07 3.0E-08 4.2E-07 
1800 472 125.6 17 237.7 1.22E-02 3.252E-03 4.4E-04 6.2E-03 1.25E-06 3.330E-07 4.5E-08 6.3E-07 
1200 472 125.6 17 237.7 8.15E-03 2.168E-03 2.9E-04 4.1E-03 8.34E-07 2.220E-07 3.0E-08 4.2E-07 
1500 472 125.6 17 237.7 1.02E-02 2.710E-03 3.7E-04 5.1E-03 1.04E-06 2.775E-07 3.8E-08 5.3E-07 
1200 472 125.6 17 237.7 8.15E-03 2.168E-03 2.9E-04 4.1E-03 8.34E-07 2.220E-07 3.0E-08 4.2E-07 
1187 472 125.6 17 237.7 8.06E-03 2.145E-03 2.9E-04 4.1E-03 8.25E-07 2.197E-07 3.0E-08 4.2E-07 
1200 472 125.6 17 237.7 8.15E-03 2.168E-03 2.9E-04 4.1E-03 8.34E-07 2.220E-07 3.0E-08 4.2E-07 
        Total 6.31E-02 1.678E-02 2.3E-03 3.2E-02 6.46E-06 1.718E-06 2.3E-07 3.3E-06 
Dredge 
14265 472 125.6 17 237.7 9.68E-02 2.577E-02 3.5E-03 4.9E-02 8.46E-06 2.252E-06 3.0E-07 4.3E-06 
12992 472 125.6 17 237.7 8.82E-02 2.347E-02 3.2E-03 4.4E-02 7.71E-06 2.051E-06 2.8E-07 3.9E-06 
18447 472 125.6 17 237.7 1.25E-01 3.333E-02 4.5E-03 6.3E-02 1.09E-05 2.912E-06 3.9E-07 5.5E-06 
18732 472 125.6 17 237.7 1.27E-01 3.384E-02 4.6E-03 6.4E-02 1.11E-05 2.957E-06 4.0E-07 5.6E-06 
11961 472 125.6 17 237.7 8.12E-02 2.161E-02 2.9E-03 4.1E-02 7.10E-06 1.888E-06 2.6E-07 3.6E-06 
1750 472 125.6 17 237.7 1.19E-02 3.161E-03 4.3E-04 6.0E-03 1.04E-06 2.762E-07 3.7E-08 5.2E-07 
12142 472 125.6 17 237.7 8.24E-02 2.194E-02 3.0E-03 4.2E-02 7.20E-06 1.917E-06 2.6E-07 3.6E-06 
13237 472 125.6 17 237.7 8.99E-02 2.391E-02 3.2E-03 4.5E-02 7.85E-06 2.090E-06 2.8E-07 4.0E-06 
        Total 7.03E-01 1.870E-01 2.5E-02 3.5E-01 6.14E-05 1.634E-05 2.2E-06 3.1E-05 
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4.12 AERMOD modeling input  
 
 
Figure 2. Layout of the hypothetical port  
Above figure shows the hypothetical port area. 
 
Figure 3. AERMOD modeling - Roadway source 
Red line indicates the roadway source and blue boxes are the buildings. 
Port main building 
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Green box indicates the area source for small equipment. 
Figure 4. AERMOD modeling - Small equipment source 
 
Figure 5. AERMOD modeling - Marine sources 
Green boxes in the above figure shows the marine sources. 
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5. RESULTS AND DISCUSSIONS 
 
For the imaginary sources, their activity levels, corresponding emission rates of the 
hypothetical port, AERMOD was used to obtain the results presented in this section. Incremental 
ambient concentrations were computed for various averaging times such as, 1-hr, 3-hr, 8-hr, 24-
hr, and annual using a meteorological file of unknown site for the year 1991.  Tables from 11 
through 35 give the results obtained for various scenarios. Also, it should be noted that for each 
averaging time, top three values are included except in case of annual averaging time, top ten 
values are included.    
Following each table, a contour map illustrating the incremental concentrations of 
corresponding pollutant is also included.  Figures from 6 to 40 include all scenarios considered in 
this study.   
5.1 AERMOD results 
 
Table 11.Port vehicles- Gasoline (NOx Annual) 
BREEZE AERMOD Model Results 
Max. Annual ( 1 YEARS) Results of Pollutant: NOX  
Group 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
 Rec. 
Type 
Grid 
ID 
East 
(m) 
North 
(m) 
ALL 1ST 0.36941 -453.8 -233.33 GC CART 
  2ND 0.36532 84.6 -59.64 GC CART 
  3RD 0.28924 -992.2 -407.02 GC CART 
  4TH 0.25444 -857.6 -349.12 GC CART 
  5TH 0.2463 -319.2 -175.44 GC CART 
  6TH 0.22829 219.2 -1.75 GC CART 
  7TH 0.21281 -184.6 -175.44 GC CART 
  8TH 0.21003 -50 -117.54 GC CART 
  9TH 0.20825 -723 -349.12 GC CART 
  10TH 0.20103 -1126.8 -464.91 GC CART 
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Figure 6. Port vehicles, Gasoline NOx Annual conc 
Table 12.Port vehicles- Gasoline (NOx 1-hr) 
Highest Results of Pollutant: NOX 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
1-HR ALL 1ST 9.80856 91080104 -50 -117.54 GC CART 
    2ND 9.53182 91030924 -50 -117.54 GC CART 
    3RD 8.94533 91012503 -588.4 -291.23 GC CART 
 
 
Figure 7. Port vehicles, Gasoline NOx 1-hr conc 
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Table 13. Port vehicles- Gasoline (SO2 1-hr and 3-hr) 
Highest Results of Pollutant: SO2 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
1-HR ALL 1ST 0.22416 91012503 -992.2 -407.02 GC CART 
    2ND 0.19549 91012503 -453.8 -233.33 GC CART 
    3RD 0.18257 91080104 -992.2 -407.02 GC CART 
3-HR ALL 1ST 0.1041 91080106 84.6 -59.64 GC CART 
    2ND 0.09385 91080106 -992.2 -407.02 GC CART 
    3RD 0.08147 91030924 -992.2 -407.02 GC CART 
 
 
Figure 8. Port vehicles, Gasoline SO2 1-hr conc 
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Figure 9. Port vehicles, Gasoline SO2 3-hr conc 
Table 14. Port vehicles- Gasoline (PM10 24-hr) 
Highest Results of Pollutant: PM10 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
24-HR ALL 1ST 0.01438 91020624 -1126.8 -464.91 GC CART 
    2ND 0.01302 91082524 -992.2 -407.02 GC CART 
    3RD 0.01211 91022424 -992.2 -407.02 GC CART 
 
 
Figure 10. Port vehicles, Gasoline PM10 24 -hr conc 
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Table 15. Port vehicles- Gasoline (CO 1-hr and 8-hr) 
Highest Results of Pollutant: CO 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
1-HR ALL 1ST 71.28908 91080104 84.6 -59.64 GC CART 
    2ND 63.32835 91012503 -453.8 -233.33 GC CART 
    3RD 56.31948 91031207 -992.2 -407.02 GC CART 
8-HR ALL 1ST 16.94432 91080108 84.6 -59.64 GC CART 
    2ND 14.53394 91082508 84.6 -59.64 GC CART 
    3RD 14.05823 91022408 -992.2 -407.02 GC CART 
 
 
Figure 11. Port vehicles, Gasoline CO 1-hr conc 
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Figure 12. Port vehicles, Gasoline CO 8-hr conc 
 
Table 16. Port vehicles- Diesel (NOx Annual) 
BREEZE AERMOD Model Results 
Max. Annual ( 1 YEARS) Results of Pollutant: NOX 
Group 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
 Rec. 
Type 
Grid 
ID 
East 
(m) 
North 
(m) 
ALL 1ST 1.24544 -857.6 -349.12 GC CART 
  2ND 1.21022 84.6 -59.64 GC CART 
  3RD 1.19894 -319.2 -175.44 GC CART 
  4TH 1.12452 -1126.8 -464.91 GC CART 
  5TH 1.09743 219.2 -1.75 GC CART 
  6TH 1.08275 -992.2 -407.02 GC CART 
  7TH 0.98485 -588.4 -291.23 GC CART 
  8TH 0.98173 -453.8 -233.33 GC CART 
  9TH 0.93051 -1261.4 -464.91 GC CART 
  10TH 0.9294 -723 -291.23 GC CART 
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Figure 13. Port vehicles, Diesel NOx Annual conc 
Table 17.Port vehicles- Diesel (NOx 1-hr) 
Highest Results of Pollutant: NOX 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
1-HR ALL 1ST 43.61626 91012503 -992.2 -407.02 GC CART 
    2ND 37.76657 91012503 -453.8 -233.33 GC CART 
    3RD 34.49127 91080104 -992.2 -407.02 GC CART 
 
 
Figure 14. Port vehicles, Diesel NOx 1-hr conc 
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Table 18. Port vehicles- Diesel (SO2 1-hr and 3-hr) 
Highest Results of Pollutant: SO2 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
1-HR ALL 1ST 0.44108 91080104 84.6 -59.64 GC CART 
    2ND 0.41031 91012503 -453.8 -233.33 GC CART 
    3RD 0.33069 91031207 -453.8 -233.33 GC CART 
3-HR ALL 1ST 0.22106 91080106 84.6 -59.64 GC CART 
    2ND 0.18021 91012503 -453.8 -233.33 GC CART 
    3RD 0.15872 91030924 -453.8 -233.33 GC CART 
 
 
Figure 15. Port vehicles, Diesel SO2 1-hr conc 
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Figure 16. Port vehicles, Diesel SO2 3-hr conc 
Table 19.Port vehicles- Diesel (PM10 24-hr) 
Highest Results of Pollutant: PM10 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
24-HR ALL 1ST 0.23688 91080124 84.6 -59.64 GC CART 
    2ND 0.21258 91082524 84.6 -59.64 GC CART 
    3RD 0.20823 91012524 84.6 -59.64 GC CART 
 
 
Figure 17. Port vehicles, Diesel PM10 24-hr conc 
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Table 20. Port vehicles- Diesel (CO 1-hr and 8-hr) 
Highest Results of Pollutant: CO 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
1-HR ALL 1ST 21.76157 91080104 84.6 -59.64 GC CART 
    2ND 19.10645 91012503 -453.8 -233.33 GC CART 
    3RD 17.60814 91080104 -588.4 -291.23 GC CART 
8-HR ALL 1ST 5.24731 91080108 84.6 -59.64 GC CART 
    2ND 4.48782 91082508 -992.2 -407.02 GC CART 
    3RD 4.36304 91080108 -992.2 -407.02 GC CART 
 
 
Figure 18. Port vehicles, Diesel CO 1-hr conc 
 
Figure 19. Port vehicles, Diesel CO 8-hr conc 
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Table 21. Small equipment, welding machine and forklifts, Gasoline (NOx Annual) 
BREEZE AERMOD Model Results 
Max. Annual ( 1 YEARS) Results of Pollutant: NOX  
Group 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
 Rec. 
Type 
Grid 
ID 
East 
(m) 
North 
(m) 
ALL 1ST 0.09316 -453.8 -291.23 GC CART 
  2ND 0.06745 -453.8 -349.12 GC CART 
  3RD 0.05747 -588.4 -291.23 GC CART 
  4TH 0.05003 -453.8 -233.33 GC CART 
  5TH 0.04232 -588.4 -349.12 GC CART 
  6TH 0.04088 -588.4 -233.33 GC CART 
  7TH 0.03692 -453.8 -407.02 GC CART 
  8TH 0.02561 -588.4 -175.44 GC CART 
  9TH 0.02085 -588.4 -407.02 GC CART 
  10TH 0.01915 -453.8 -464.91 GC CART 
 
 
Figure 20. Small equipment, welding machine and forklifts: Gasoline NOx Annual conc 
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Table 22. Small equipment, welding machine and forklifts, Gasoline (NOx 1-hr) 
Highest Results of Pollutant: NOX 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
1-HR ALL 1ST 1.45041 91030924 -319.2 -291.23 GC CART 
    2ND 1.37948 91030923 -319.2 -233.33 GC CART 
    3RD 1.36395 91021401 -588.4 -407.02 GC CART 
 
 
Figure 21. Small equipment, welding machine and forklifts: Gasoline NOx 1-hr conc 
Table 23.Small equipment, welding machine and forklifts, Gasoline (SO2 1-hr and 3-hr) 
Highest Results of Pollutant: SO2 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
1-HR ALL 1ST 0.07475 91030924 -319.2 -291.23 GC CART 
    2ND 0.07109 91030923 -319.2 -233.33 GC CART 
    3RD 0.07029 91021401 -588.4 -407.02 GC CART 
3-HR ALL 1ST 0.04924 91082503 -588.4 -291.23 GC CART 
    2ND 0.04454 91091806 -588.4 -291.23 GC CART 
    3RD 0.03634 91092324 -588.4 -291.23 GC CART 
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Figure 22. Small equipment, welding machine and forklifts: Gasoline SO2 1-hr conc 
 
Figure 23. Small equipment, welding machine and forklifts: Gasoline SO2 3-hr conc 
Table 24.Small equipment, welding machine and forklifts, Gasoline (PM10 24-hr) 
Highest Results of Pollutant: PM10 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
24-HR ALL 1ST 0.01686 91020724 -453.8 -407.02 GC CART 
    2ND 0.01388 91082524 -588.4 -291.23 GC CART 
    3RD 0.01335 91020724 -453.8 -349.12 GC CART 
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Figure 24. Small equipment, welding machine and forklifts: Gasoline PM10 24-hr conc 
 
Table 25.Small equipment, welding machine and forklifts, Gasoline (CO 1-hr and 8-hr) 
Highest Results of Pollutant: CO 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
1-HR ALL 1ST 55.79191 91030924 -319.2 -291.23 GC CART 
    2ND 53.06333 91030923 -319.2 -233.33 GC CART 
    3RD 52.4662 91021401 -588.4 -407.02 GC CART 
8-HR ALL 1ST 20.82962 91091808 -588.4 -291.23 GC CART 
    2ND 18.69928 91031908 -588.4 -291.23 GC CART 
    3RD 17.43407 91082508 -588.4 -291.23 GC CART 
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Figure 25. Small equipment, welding machine and forklifts: Gasoline CO 1-hr conc 
 
Figure 26. Small equipment, welding machine and forklifts: Gasoline CO 8-hr conc 
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Table 26.Small equipment, welding machine and forklifts, Diesel (NOx Annual) 
BREEZE AERMOD Model Results 
Max. Annual ( 1 YEARS) Results of Pollutant: NOX  
Group 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
 Rec. 
Type 
Grid 
ID 
East 
(m) 
North 
(m) 
ALL 1ST 0.06687 -453.8 -291.23 GC CART 
  2ND 0.04842 -453.8 -349.12 GC CART 
  3RD 0.04125 -588.4 -291.23 GC CART 
  4TH 0.03591 -453.8 -233.33 GC CART 
  5TH 0.03038 -588.4 -349.12 GC CART 
  6TH 0.02934 -588.4 -233.33 GC CART 
  7TH 0.0265 -453.8 -407.02 GC CART 
  8TH 0.01838 -588.4 -175.44 GC CART 
  9TH 0.01496 -588.4 -407.02 GC CART 
  10TH 0.01375 -453.8 -464.91 GC CART 
 
 
Figure 27. Small equipment, welding machine and forklifts, Diesel NOx Annual conc 
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Table 27.Small equipment, welding machine and forklifts: Diesel (NOx 1-hr) 
Highest Results of Pollutant: NOX 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
1-HR ALL 1ST 1.04112 91030924 -319.2 -291.23 GC CART 
    2ND 0.9902 91030923 -319.2 -233.33 GC CART 
    3RD 0.97906 91021401 -588.4 -407.02 GC CART 
 
 
Figure 28. Small equipment, welding machine and forklifts, Diesel NOx 1-hr conc 
 
Table 28.Small equipment, welding machine and forklifts: Diesel (SO2 1-hr and 3-hr) 
Highest Results of Pollutant: SO2 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
1-HR ALL 1ST 0.06846 91030924 -319.2 -291.23 GC CART 
    2ND 0.06512 91030923 -319.2 -233.33 GC CART 
    3RD 0.06438 91021401 -588.4 -407.02 GC CART 
3-HR ALL 1ST 0.0451 91082503 -588.4 -291.23 GC CART 
    2ND 0.0408 91091806 -588.4 -291.23 GC CART 
    3RD 0.03329 91092324 -588.4 -291.23 GC CART 
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Figure 29. Small equipment, welding machine and forklifts, Diesel SO2 1-hr conc 
 
Figure 30. Small equipment, welding machine and forklifts, Diesel SO2 3-hr conc 
Table 29.Small equipment, welding machine and forklifts: Diesel (PM10 24-hr) 
Highest Results of Pollutant: PM10 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
24-HR ALL 1ST 0.01386 91020724 -453.8 -407.02 GC CART 
    2ND 0.01141 91082524 -588.4 -291.23 GC CART 
    3RD 0.01098 91020724 -453.8 -349.12 GC CART 
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Figure 31. Small equipment, welding machine and forklifts, Diesel PM10 24-hr conc 
 
Table 30.Small equipment, welding machine and forklifts: Diesel (CO 1-hr and 8-hr) 
Highest Results of Pollutant: CO 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
1-HR ALL 1ST 0.22428 91030924 -319.2 -291.23 GC CART 
    2ND 0.21331 91030923 -319.2 -233.33 GC CART 
    3RD 0.21091 91021401 -588.4 -407.02 GC CART 
8-HR ALL 1ST 0.08373 91091808 -588.4 -291.23 GC CART 
    2ND 0.07517 91031908 -588.4 -291.23 GC CART 
    3RD 0.07008 91082508 -588.4 -291.23 GC CART 
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Figure 32. Small equipment, welding machine and forklifts, Diesel CO 1-hr conc 
 
Figure 33. Small equipment, welding machine and forklifts, Diesel CO 8-hr conc 
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Table 31. Marine –Diesel (NOx Annual) 
BREEZE AERMOD Model Results 
Max. Annual ( 1 YEARS) Results of Pollutant: NOX  
Group 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
 Rec. 
Type 
Grid 
ID 
East 
(m) 
North 
(m) 
ALL 1ST 59.24434 623 171.93 GC CART 
  2ND 43.13131 757.6 229.83 GC CART 
  3RD 39.54941 623 229.83 GC CART 
  4TH 24.26015 623 287.73 GC CART 
  5TH 21.45344 757.6 171.93 GC CART 
  6TH 20.73892 623 114.04 GC CART 
  7TH 16.95587 757.6 287.73 GC CART 
  8TH 14.42629 623 345.62 GC CART 
  9TH 13.15957 757.6 114.04 GC CART 
  10TH 9.93129 488.4 287.73 GC CART 
 
 
Figure 34. Marine –Diesel NOx Annual conc 
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Table 32.Marine –Diesel (NOx 1-hr) 
Highest Results of Pollutant: NOX 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
1-HR ALL 1ST 813.27844 91111224 623 114.04 GC CART 
    2ND 785.64233 91031723 623 114.04 GC CART 
    3RD 730.52262 91021206 757.6 229.83 GC CART 
 
 
Figure 35. Marine –Diesel NOx 1-hr conc 
Table 33.Marine –Diesel (SO2 1-hr and 3-hr) 
Highest Results of Pollutant: SO2 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
1-HR ALL 1ST 216.40988 91111224 623 114.04 GC CART 
    2ND 209.05603 91031723 623 114.04 GC CART 
    3RD 194.51406 91021206 757.6 229.83 GC CART 
3-HR ALL 1ST 122.63935 91011303 757.6 229.83 GC CART 
    2ND 119.4315 91030924 757.6 229.83 GC CART 
    3RD 107.99219 91080106 757.6 229.83 GC CART 
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Figure 36. Marine –Diesel SO2 1-hr conc 
 
Figure 37. Marine –Diesel SO2 3-hr conc 
Table 34.Marine –Diesel (PM10 24-hr) 
Highest Results of Pollutant: PM10 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
24-HR ALL 1ST 5.71058 91020724 757.6 171.93 GC CART 
    2ND 5.40014 91020324 623 171.93 GC CART 
    3RD 5.38671 91091824 623 171.93 GC CART 
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Figure 38. Marine Diesel PM10 24-hr conc 
 
Table 35.Marine –Diesel (CO 1-hr and 8-hr) 
Highest Results of Pollutant: CO 
Avg. 
Per. 
Grp 
ID 
High 
Avg. 
Conc. 
(µg/m
3
) 
Date 
 Rec. 
Type 
Grid 
ID YYMMDDHH 
East 
(m) 
North 
(m) 
1-HR ALL 1ST 409.56582 91111224 623 114.04 GC CART 
    2ND 395.64832 91031723 623 114.04 GC CART 
    3RD 367.64397 91021206 757.6 229.83 GC CART 
8-HR ALL 1ST 157.44238 91011308 757.6 229.83 GC CART 
    2ND 143.97073 91040408 623 171.93 GC CART 
    3RD 133.44685 91040708 623 171.93 GC CART 
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Figure 39. Marine –Diesel CO 1-hr conc 
 
Figure 40. Marine –Diesel CO 8-hr conc 
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5.2 Total concentrations 
 
Table. 36 below summarize highest incremental ambient concentrations computed from 
AERMOD for various averaging times for each pollutant.    
 
   
Table 36. Highest incremental ambient concentrations 
Gasoline 
Pollutant 
(Averaging Time) 
Port 
vehicles 
Small 
equipment 
Marine 
µg/m
3
 NOX (Annual) 0.37 0.09   
µg/m
3
 NOX (1-hr) 9.81 1.45   
µg/m
3
 SO2 (1-hr) 0.22 0.07   
µg/m
3
 SO2 (3-hr) 0.10 0.05   
µg/m
3
 PM10 (24-hr) 0.01 0.02   
µg/m
3
 CO (1-hr) 71.29 55.79   
µg/m
3
 CO (8-hr) 16.94 20.83   
          
Diesel         
µg/m
3
 NOX (Annual) 1.25 0.07 59.24 
µg/m
3
 NOX (1-hr) 43.62 1.04 813.28 
µg/m
3
 SO2 (1-hr) 0.44 0.07 216.41 
µg/m
3
 SO2 (3-hr) 0.22 0.05 122.64 
µg/m
3
 PM10 (24-hr) 0.24 0.01 5.71 
µg/m
3
 CO (1-hr) 21.76 0.22 409.57 
µg/m
3
 CO (8-hr) 5.25 0.08 157.44 
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5.3 Comparison of pollutant emissions from different sources 
5.31 Gasoline Fuel 
 
  
Figure 41. Comparison of gasoline NOx concentration from different sources 
  
Figure 42. Comparison of gasoline SO2 concentration from different sources 
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Figure 43. Comparison of gasoline PM10 concentration from different sources 
 
 
Figure 44. Comparison of gasoline CO concentration from different sources 
For gasoline fuel: 
Highest contribution of NOx and SO2 concentration is from the port vehicles. PM10 
highest contribution is from small equipment. CO highest contribution for 1-hr averaging period 
is from the port vehicles and for 3-hr averaging period is from small equipment. 
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5.32 Diesel Fuel 
 
 
 
Figure 45. Comparison of diesel NOx concentration from different sources 
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Figure 46. Comparison of diesel SO2 concentration from different sources 
 
Figure 47. Comparison of diesel PM10 concentration from different sources 
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Figure 48. Comparison of diesel CO concentration from different sources 
 
Diesel fuel concentration is found to be high from marine sources for all pollutants when 
compared to other sources of emission because amount of fuel combusted for marine sources is 
much higher when compared to other source categories. 
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5.4 Impacted areas 
 
 
 
 
 
Figure 49. Gasoline and diesel fuel concentration- NOx Annual 
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Figure 50. Gasoline and Diesel concentration- NOx 1-hr 
 
 
Figure 51. Gasoline and diesel fuel concentration- SO2 1-hr 
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Figure 52. Gasoline and diesel fuel concentration- SO2 3-hr 
 
 
Figure 53. Gasoline and diesel fuel concentration- PM10 24-hr 
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Figure 54. Gasoline and diesel fuel concentration-CO 1-hr 
 
 
Figure 55. Gasoline and diesel fuel concentration-CO 8-hr 
From the above figures it can be observed that the maximum concentration of all the 
pollutants from marine related sources and small equipment remains in the same vicinity. But for 
port vehicles, it was observed to vary around the areas of commercial zone, port main building 
and cargo-handling area. Another notable remark was that the residential area was in safe limits 
and was not influenced by the ports activities. For this hypothetical exercise, the maximum 
concentrations found near the residential area for NOx 1-hr was 143.16 μg/m
3
, SO2 1-hr was 
38.37 μg/m3, SO2 3-hr was 20.7 μg/m
3
, CO 1-hr was 71.56 μg/m3 and CO 8-hr was 25.2 μg/m3. 
PM10 and NOx annual concentration does not spread over the residential area. 
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5.5 Comparison with the National Ambient Air Quality Standards (NAAQS)  
 
For this hypothetical port and its imaginary sources, it was observed that the 
concentration values pertaining to NOX and SO2 1-hr averaging periods are above the NAAQS 
limits as shown in Table 37. It is important to note that all input variables considered were 
imaginary as the purpose of the research was to develop a “framework for modeling” rather than 
“assessing air quality impacts of a particular port.”  
 
Table 37. Comparison of computed concentrations with NAAQS 
Source 
Incremental pollutant concentration (µg/m
3
) 
NOx SO2 PM10 CO 
1 -hr Annual 1-hr 3-hr 24- hr 1-hr 8-hr 
Port vehicles 53.41 1.61 0.67 0.33 0.25 93.05 22.19 
Small equipment 2.49 0.16 0.14 0.09 0.03 56.02 20.91 
Marine 813.28 59.24 216.41 122.64 5.71 409.57 157.44 
Total 869.18 61.01 217.22 123.06 5.99 558.64 200.54 
NAAQS Standard 
limit (µg/m
3
) 
188.18 99.73 196.5 1310 150 40090 10310 
Remarks Non-
compliant Compliant 
Non-
compliant Compliant Compliant Compliant Compliant 
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6. CONCLUSIONS  
 
This research work has developed a “framework for atmospheric dispersion modeling of 
port emissions” which included, (a) identification of air pollutant emission sources, (b) 
identification of air pollutants, (c) methodology to estimate emission rates using emission factors 
either published by the U.S. EPA or other sources, (d) selection of a suitable atmospheric 
dispersion model, (e) running the model and all associated steps, and (f) interpretation of the 
results.    
 
Ports have a variety of source categories which be modeled as (a) point sources, (b) line 
sources, (c) area sources, and (d) volume sources.  Roadway sources can be best modeled as line 
source and can be split into discrete and multiple volume sources.  Marine sources and small 
equipment can be best modeled as area sources knowing the areal extent of their mobility.  So, it 
is important to understand from this hypothetical exercise, record-keeping of activity level (e.g., 
fuel type, fuel consumption, types of vehicles, miles travelled, vehicle dimension, and vehicle-
year) and location of the sources & their movement is important to correctly model the port 
sources in computing incremental ambient concentration of the pollutants.     
 
As per the objective of this thesis, AERMOD has been used to create a dispersion 
modeling framework for emissions from port related sources. Since the main aim was to create a 
step-by-step approach for modeling and not to evaluate the health effects from the results 
obtained as it uses hypothetical data, hence the results may change, it might be compliant if the 
emissions are less and non-compliant if the emissions increase. 
 
Hence, this dispersion modeling framework presented in this thesis is very useful for 
future research regarding AERMOD modeling of emissions from port related sources. 
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7. RECOMMENDATIONS  
 
7.1 Recommendations for managing port air emissions 
 
Port authorities do not hold direct control over all sources of air pollution in and around 
the ports.  Only few of these sources are under the control of the port authorities.  Therefore, a 
collaborative approach between the port authorities and the tenants/contractors could be a 
suitable method to get substantial reductions in air pollutant emissions over the long term.  
 
Since NOx, SO2, PM10 and CO can cause health impacts in short and long term, proper 
control measures need to be enforced to overcome this issue. The use of cleaner fuels and 
streamlining operations could reduce air emissions. By switching to electric or hybrid power 
systems can be an alternative solution. For instance, many ports have switched from diesel fuel 
to electric or hybrid power for all their on-dock cranes. Increased on-dock rail and barges, have 
replaced trucks which resulted in a decrease in truck idling, turn-around times, dropping off and 
picking up loads at ports have an impact in reducing emissions from diesel engines. 
 
7.2 Recommendations for future research 
 
 Other port and tenant-related sources (e.g., cruise liners, ship emissions, cargo handling 
equipment etc.) should be modeled using the framework developed in this study. 
 
 Modeling of other criteria pollutants, hazardous air pollutants (HAPs), and greenhouse 
gases (GHGs) using this approach is recommended.  
 
 Historical evaluations and comparisons such as emissions vis-à-vis computed incremental 
ambient concentrations will be useful in optimizing emissions and costs.  
 
 Meteorological data of 5 years can be used for modeling in order to have long-term 
averages.   
 
 Further studies on pollution reduction strategies and technologies should be beneficial.  
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APPENDIX 
10.1 Emission factor tables - vehicles 
 
Lifetime mileage-weighted average air pollutant emission factors (g/mile) for gasoline passenger 
cars for model years 1990–2020 
 
Model 
Year  
VOC, 
exhaust  
VOC, 
evaporation  
CO  NOx  SO2  PM10, 
exhaust  
PM10, OC  PM10, BC  PM10, 
Sulfate  
1990  1.0151  0.5358  14.8991  2.2045  0.0503  0.0355  0.0277  0.0075  0.00030  
1991  1.0441  0.5087  14.2734  2.3290  0.0401  0.0279  0.0217  0.0060  0.00024  
1992  1.0034  0.4935  13.6901  2.2612  0.0395  0.0263  0.0204  0.0056  0.00023  
1993  0.9623  0.4812  13.1883  2.2047  0.0371  0.0250  0.0195  0.0053  0.00022  
1994  0.8464  0.4656  10.6804  1.9368  0.0359  0.0206  0.0160  0.0043  0.00021  
1995  0.8116  0.4225  10.1368  1.8394  0.0340  0.0170  0.0132  0.0036  0.00020  
1996  0.5950  0.1435  6.9986  1.2153  0.0329  0.0146  0.0113  0.0031  0.00020  
1997  0.5601  0.1408  6.6299  1.1468  0.0309  0.0137  0.0106  0.0029  0.00018  
1998  0.4765  0.0817  6.3217  1.0902  0.0297  0.0121  0.0094  0.0025  0.00018  
1999  0.4005  0.0666  6.0580  1.0430  0.0287  0.0101  0.0078  0.0021  0.00017  
2000  0.3664  0.0683  5.9614  1.0271  0.0253  0.0103  0.0080  0.0021  0.00015  
2001  0.2096  0.0710  5.2897  0.6300  0.0224  0.0088  0.0068  0.0018  0.00013  
2002  0.1932  0.0728  4.9832  0.5610  0.0189  0.0077  0.0060  0.0016  0.00011  
2003  0.1796  0.0746  4.8139  0.4914  0.0153  0.0075  0.0058  0.0016  0.00009  
2004  0.1634  0.0629  4.4445  0.2524  0.0115  0.0077  0.0060  0.0016  0.00007  
2005  0.1570  0.0646  4.2325  0.1984  0.0090  0.0077  0.0060  0.0016  0.00005  
2006  0.1213  0.0663  3.1571  0.1877  0.0078  0.0077  0.0060  0.0016  0.00005  
2007  0.1155  0.0669  2.9546  0.1515  0.0068  0.0077  0.0060  0.0016  0.00004  
2008  0.1129  0.0721  2.9184  0.1405  0.0060  0.0077  0.0060  0.0016  0.00004  
2009  0.1095  0.0601  2.8868  0.1300  0.0056  0.0077  0.0060  0.0016  0.00003  
2010  0.1084  0.0617  2.8656  0.1205  0.0055  0.0077  0.0060  0.0016  0.00003  
2011  0.1082  0.0633  2.8638  0.1203  0.0055  0.0076  0.0060  0.0016  0.00003  
2012  0.1094  0.0652  2.8625  0.1201  0.0049  0.0076  0.0060  0.0016  0.00003  
2013  0.1100  0.0638  2.8639  0.1202  0.0048  0.0076  0.0060  0.0016  0.00003  
2014  0.1096  0.0628  2.8648  0.1202  0.0047  0.0076  0.0060  0.0016  0.00003  
2015  0.1086  0.0611  2.8652  0.1202  0.0044  0.0076  0.0060  0.0016  0.00003  
2016  0.1069  0.0610  2.8647  0.1202  0.0042  0.0076  0.0060  0.0016  0.00002  
2017  0.1086  0.0610  2.8633  0.1201  0.0042  0.0076  0.0060  0.0016  0.00002 
 
Lifetime mileage-weighted average air pollutant emission factors (g/mile) for diesel passenger cars 
for model years 2001–2020 
 
Year  VOC, 
exhaust  
CO  NOx  SO2  PM10, 
exhaust  
    PM10,        
       OC  
     PM10,    
        BC  
         PM10,      
         Sulfate  
 
2001  0.1610  0.3016  0.9182  0.0446  0.1261  0.0447  0.0783  0.00320  
2002  0.1604  0.3009  0.9162  0.0381  0.1254  0.0445  0.0782  0.00274  
2003  0.1600  0.3004  2.6403  0.0314  0.1247  0.0443  0.0781  0.00225  
2004  0.1598  0.3001  2.6393  0.0243  0.0075  0.0046  0.0012  0.00174  
2005  0.1597  0.3000  2.6390  0.0169  0.0070  0.0046  0.0012  0.00121  
2006  0.0627  0.3954  0.4509  0.0092  0.0064  0.0046  0.0012  0.00066  
2007  0.0312  0.3953  0.4508  0.0058  0.0062  0.0046  0.0012  0.00042  
2008  0.0308  0.3940  0.4504  0.0043  0.0051  0.0038  0.0010  0.00031  
2009  0.0307  0.3939  0.4502  0.0037  0.0051  0.0038  0.0010  0.00027  
2010  0.0750  2.7274  0.2339  0.0031  0.0051  0.0038  0.0010  0.00023  
2011  0.0751  2.7289  0.2339  0.0029  0.0051  0.0038  0.0010  0.00021  
2012  0.0737  2.7309  0.2339  0.0024  0.0050  0.0038  0.0010  0.00017  
2013  0.0735  2.7329  0.2339  0.0023  0.0050  0.0038  0.0010  0.00017  
2014  0.0733  2.7345  0.2338  0.0022  0.0050  0.0038  0.0010  0.00016  
2015  0.0730  2.7357  0.2336  0.0021  0.0050  0.0039  0.0010  0.00015  
2016  0.0726  2.7362  0.2333  0.0020  0.0050  0.0039  0.0010  0.00014  
2017  0.0724  2.7360  0.2329  0.0020  0.0050  0.0039  0.0010  0.00014 
 
67 
 
 
 
 
Lifetime mileage-weighted average air pollutant emission factors (g/mile) for gasoline passenger 
trucks for model years 2001–2020 
 
Model 
Year  
VOC, exhaust  VOC, 
evaporation  
CO  NOx  SO2  PM10, 
exhaust  
PM10, 
OC  
PM10, BC  PM10, 
Sulfate  
1990  1.9502  0.8302  31.4166  4.4513  0.0604  0.0589  0.0509  0.0076  0.00036  
1991  2.0190  0.7884  32.2508  4.6846  0.0453  0.0424  0.0359  0.0062  0.00027  
1992  1.9433  0.7638  30.8482  4.5023  0.0443  0.0403  0.0343  0.0058  0.00026  
1993  1.8760  0.7429  29.5552  4.3494  0.0437  0.0386  0.0329  0.0055  0.00026  
1994  2.7801  0.7203  28.8053  4.4498  0.0430  0.0376  0.0325  0.0049  0.00026  
1995  2.5857  0.6507  27.2477  4.2078  0.0432  0.0309  0.0265  0.0041  0.00026  
1996  1.3005  0.2708  13.1972  2.3190  0.0410  0.0253  0.0216  0.0034  0.00024  
1997  1.2681  0.2659  13.0354  2.0425  0.0431  0.0240  0.0207  0.0031  0.00026  
1998  1.1659  0.1558  11.9160  1.9443  0.0419  0.0202  0.0173  0.0027  0.00025  
1999  1.1211  0.1275  11.6261  1.8914  0.0404  0.0186  0.0160  0.0024  0.00024  
2000  1.1210  0.1305  11.5455  1.8726  0.0355  0.0180  0.0155  0.0023  0.00021  
2001  0.5943  0.1357  10.5410  1.3507  0.0319  0.0161  0.0138  0.0021  0.00019  
2002  0.5028  0.1388  10.0501  1.2777  0.0267  0.0138  0.0118  0.0018  0.00016  
2003  0.4767  0.1423  10.1391  1.3073  0.0214  0.0145  0.0125  0.0019  0.00013  
2004  0.3468  0.1275  7.8141  0.6787  0.0160  0.0138  0.0119  0.0018  0.00010  
2005  0.2665  0.1299  7.1584  0.5282  0.0126  0.0138  0.0119  0.0018  0.00007  
2006  0.1921  0.1317  5.5140  0.4258  0.0110  0.0138  0.0119  0.0018  0.00007  
2007  0.1841  0.1323  5.2937  0.3863  0.0097  0.0137  0.0118  0.0018  0.00006  
2008  0.1665  0.1384  5.1907  0.3416  0.0080  0.0137  0.0118  0.0018  0.00005  
2009  0.1628  0.1180  5.0982  0.3262  0.0074  0.0136  0.0118  0.0018  0.00004  
2010  0.1620  0.1213  5.0191  0.3129  0.0073  0.0135  0.0117  0.0018  0.00004  
2011  0.1576  0.1234  5.0010  0.3120  0.0066  0.0135  0.0117  0.0017  0.00004  
2012  0.1603  0.1260  4.9848  0.3111  0.0062  0.0134  0.0116  0.0017  0.00004  
2013  0.1607  0.1236  4.9717  0.3107  0.0060  0.0133  0.0116  0.0017  0.00004  
2014  0.1599  0.1216  4.9594  0.3103  0.0059  0.0133  0.0115  0.0017  0.00003  
2015  0.1576  0.1179  4.9475  0.3099  0.0057  0.0132  0.0115  0.0017  0.00003  
2016  0.1551  0.1175  4.9361  0.3095  0.0054  0.0132  0.0115  0.0017  0.00003  
2017  0.1579  0.1172  4.9250  0.3091  0.0054  0.0132  0.0115  0.0017  0.00003 
 
Lifetime mileage-weighted average air pollutant emission factors (g/mile) for diesel passenger 
trucks for model years 1990–2020 
 
Year  VOC, 
exhaust  
      CO     NOx   SO2    PM10,   
exhaust  
    PM10,    
    OC  
       PM10,        
       BC  
PM10, 
Sulfate  
1990  0.9117  3.5976  6.2729  0.0944  0.7476  0.2371  0.5038  0.00677  
1991  1.0212  4.1599  5.7078  0.0947  0.4390  0.1219  0.3103  0.00679  
1992  1.0173  4.1472  5.6859  0.0966  0.4381  0.1213  0.3098  0.00693  
1993  1.0127  4.1374  5.6688  0.0898  0.4367  0.1207  0.3095  0.00644  
1994  0.9589  3.9854  5.4998  0.0992  0.6878  0.2192  0.4615  0.00712  
1995  0.9287  3.9485  5.4731  0.0910  0.6395  0.2071  0.4258  0.00653  
1996  0.8710  3.7308  5.5577  0.0830  0.6218  0.2013  0.4146  0.00595  
1997  0.8393  3.5751  5.6882  0.0865  0.6142  0.1983  0.4097  0.00621  
1998  0.7917  3.3729  4.6926  0.0866  0.2952  0.0852  0.2038  0.00622  
1999  0.7540  3.1997  4.6942  0.0810  0.2878  0.0831  0.1989  0.00581  
2000  0.6869  2.9799  4.3105  0.0732  0.2707  0.0801  0.1853  0.00525  
2001  0.7872  3.3106  4.8040  0.0785  0.2945  0.0847  0.2042  0.00563  
2002  0.7545  3.2060  4.6111  0.0665  0.2856  0.0832  0.1976  0.00477  
2003  0.5430  2.2964  5.1000  0.0543  0.2570  0.0757  0.1774  0.00389  
2004  0.5434  2.2999  5.0983  0.0414  0.2170  0.0617  0.1523  0.00297  
2005  0.5435  2.3017  5.0962  0.0289  0.2162  0.0617  0.1524  0.00207 
2006  0.5098  1.9740  3.8388  0.0164  0.2153  0.0617  0.1524  0.00118  
2007  0.0741  0.4683  1.9454  0.0105  0.0140  0.0120  0.0012  0.00075  
2008  0.0717  0.4657  1.9414  0.0072  0.0116  0.0100  0.0010  0.00052  
2009  0.0714  0.4645  1.9384  0.0062  0.0115  0.0100  0.0010  0.00045  
2010  0.0798  1.3397  0.9573  0.0053  0.0110  0.0096  0.0010  0.00038  
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2011  0.0793  1.3366  0.9550  0.0048  0.0110  0.0096  0.0010  0.00035  
2012  0.0787  1.3337  0.9529  0.0047  0.0110  0.0096  0.0010  0.00034  
2013  0.0784  1.3311  0.9510  0.0046  0.0102  0.0089  0.0009  0.00033  
2014  0.0781  1.3287  0.9491  0.0046  0.0102  0.0089  0.0009  0.00033  
2015  0.0778  1.3263  0.9472  0.0046  0.0102  0.0089  0.0009  0.00033  
2016  0.0775  1.3241  0.9455  0.0045  0.0102  0.0089  0.0009  0.00033  
2017  0.0772  1.3220  0.9437  0.0045  0.0102  0.0089  0.0009  0.00033  
2018  0.0770  1.3200  0.9420  0.0045  0.0102  0.0089  0.0009  0.00033  
2019  0.0768  1.3181  0.9403  0.0045  0.0102  0.0089  0.0009  0.00033  
2020  0.0766  1.3164  0.9386  0.0045  0.0102  0.0089  0.0009  0.00033  
 
Lifetime mileage-weighted average air pollutant emission factors (g/mile) for gasoline light-duty 
commercial trucks for model years 1990–2020 
 
Model 
Year  
VOC, 
exhaust  
VOC, 
evaporation  
CO  NOx  SO2  PM10, 
exhaust  
PM10, 
OC  
PM10, BC  PM10, Sulfate  
1990  1.9287  0.8290  31.1684  4.2917  0.0643  0.0545  0.0468  0.0073  0.00038  
1991  2.1114  0.7868  33.9104  4.6812  0.0450  0.0417  0.0352  0.0063  0.00027  
1992  2.0103  0.7621  31.8201  4.5046  0.0438  0.0397  0.0335  0.0059  0.00026  
1993  1.9408  0.7412  30.4850  4.3545  0.0432  0.0380  0.0322  0.0056  0.00026 
1994  2.8369  0.7186  30.7363  4.4336  0.0426  0.0380  0.0327  0.0050  0.00025  
1995  2.6426  0.6490  28.9723  4.1970  0.0428  0.0297  0.0253  0.0041  0.00025  
1996  1.4412  0.2694  16.0867  2.4858  0.0406  0.0243  0.0206  0.0035  0.00024  
1997  1.3838  0.2647  15.3462  2.1945  0.0427  0.0237  0.0202  0.0032  0.00025  
1998  1.2248  0.1552  13.1874  2.0660  0.0414  0.0196  0.0167  0.0027  0.00025  
1999  1.1783  0.1271  12.8887  2.0209  0.0400  0.0173  0.0147  0.0024  0.00024  
2000  1.1755  0.1301  12.7028  1.9943  0.0351  0.0170  0.0145  0.0023  0.00021  
2001  0.6814  0.1352  12.0853  1.5395  0.0315  0.0151  0.0129  0.0021  0.00019  
2002  0.5941  0.1384  11.4211  1.4406  0.0264  0.0133  0.0113  0.0019  0.00016  
2003  0.5723  0.1419  11.4683  1.4615  0.0212  0.0139  0.0118  0.0019  0.00013  
2004  0.4396  0.1271  9.1983  0.8384  0.0159  0.0136  0.0116  0.0019  0.00009  
2005  0.3153  0.1295  8.5504  0.6701  0.0124  0.0136  0.0116  0.0019  0.00007  
2006  0.2319  0.1313  6.8295  0.5710  0.0109  0.0135  0.0116  0.0019  0.00006  
2007  0.2234  0.1319  6.5861  0.5302  0.0096  0.0135  0.0116  0.0018  0.00006  
2008  0.1904  0.1380  6.4735  0.4577  0.0080  0.0135  0.0116  0.0018  0.00005  
2009  0.1866  0.1176  6.3722  0.4424  0.0074  0.0134  0.0115  0.0018  0.00004  
2010  0.1858  0.1209  6.2868  0.4293  0.0073  0.0133  0.0115  0.0018  0.00004  
2011  0.1816  0.1230  6.2619  0.4281  0.0066  0.0132  0.0114  0.0018  0.00004  
2012  0.1845  0.1256  6.2395  0.4271  0.0062  0.0131  0.0113  0.0017  0.00004  
2013  0.1851  0.1233  6.2213  0.4266  0.0061  0.0130  0.0113  0.0017  0.00004  
2014  0.1842  0.1212  6.2039  0.4261  0.0059  0.0130  0.0113  0.0017  0.00004  
2015  0.1817  0.1175  6.1871  0.4257  0.0057  0.0130  0.0113  0.0017  0.00003  
2016  0.1791  0.1171  6.1709  0.4253  0.0054  0.0130  0.0112  0.0017  0.00003  
2017  0.1822  0.1168  6.1550  0.4249  0.0054  0.0130  0.0112  0.0017  0.00003  
2018  0.1811  0.1155  6.1397  0.4245  0.0054  0.0130  0.0112  0.0017  0.00003  
2019  0.1805  0.1142  6.1249  0.4242  0.0054  0.0129  0.0112  0.0017  0.00003  
2020  0.1785  0.1129  6.1108  0.4239  0.0054  0.0129  0.0112  0.0017  0.00003 
 
Lifetime mileage-weighted average air pollutant emission factors (g/mile) for diesel light-duty 
commercial trucks for model years 1990–2020 
 
Model Year  VOC, 
exhaust  
CO   NOx  SO2  PM10, 
exhaust  
    PM10,   
   OC  
       PM10,     
        BC  
 PM10, Sulfate  
1990  1.0255  4.0965  7.3858  0.1014  0.7847  0.2398  0.5377  0.00727  
1991  1.1008  4.4597  6.1238  0.0946  0.4928  0.1365  0.3495  0.00679  
1992  1.0579  4.2930  5.8576  0.0963  0.4624  0.1293  0.3262  0.00691  
1993  1.1172  4.5378  6.2396  0.0884  0.5056  0.1387  0.3606  0.00634  
1994  1.0965  4.4863  6.1942  0.0999  0.7600  0.2463  0.5066  0.00717  
1995  1.0408  4.3328  5.9810  0.0903  0.7092  0.2319  0.4708  0.00648  
1996  0.9479  3.9834  5.9140  0.0823  0.6688  0.2190  0.4439  0.00591  
1997  0.7640  3.3106  5.1456  0.0846  0.5529  0.1829  0.3638  0.00607  
1998  0.8918  3.6954  5.1290  0.0826  0.3153  0.0906  0.2188  0.00593  
1999  0.7927  3.3190  4.8365  0.0792  0.2937  0.0858  0.2022  0.00568  
2000  0.7975  3.3399  4.8322  0.0710  0.2939  0.0861  0.2027  0.00510  
2001  0.7104  3.0454  4.3426  0.0772  0.2726  0.0823  0.1848  0.00554  
2002  0.7754  3.2664  4.6579  0.0655  0.2871  0.0852  0.1973  0.00470  
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2003  0.5578  2.3320  5.0716  0.0534  0.2580  0.0773  0.1769  0.00383  
2004  0.5579  2.3356  5.0699  0.0408  0.2211  0.0638  0.1544  0.00293  
2005  0.5578  2.3374  5.0677  0.0284  0.2203  0.0638  0.1545  0.00204  
2006  0.5259  2.0289  3.9138  0.0161  0.2194  0.0638  0.1544  0.00115  
2007  0.0765  0.4820  1.9872  0.0103  0.0139  0.0119  0.0012  0.00074  
2008  0.0741  0.4793  1.9830  0.0071  0.0115  0.0100  0.0010  0.00051  
2009  0.0738  0.4780  1.9799  0.0062  0.0115  0.0100  0.0010  0.00044  
2010  0.0812  1.2682  0.9861  0.0052  0.0110  0.0096  0.0010  0.00038  
2011  0.0807  1.2651  0.9837  0.0048  0.0109  0.0096  0.0010  0.00034  
2012  0.0801  1.2623  0.9815  0.0046  0.0109  0.0096  0.0010  0.00033  
2013  0.0798  1.2597  0.9794  0.0046  0.0101  0.0089  0.0009  0.00033 
2014  0.0795  1.2573  0.9774  0.0046  0.0101  0.0089  0.0009  0.00033  
2015  0.0792  1.2549  0.9754  0.0045  0.0101  0.0089  0.0009  0.00033  
2016  0.0789  1.2527  0.9735  0.0045  0.0101  0.0089  0.0009  0.00032  
2017  0.0786  1.2506  0.9717  0.0045  0.0101  0.0088  0.0009  0.00032  
2018  0.0784  1.2486  0.9698  0.0045  0.0101  0.0088  0.0009  0.00032  
2019  0.0782  1.2467  0.9680  0.0045  0.0101  0.0088  0.0009  0.00032  
2020  0.0779  1.2449  0.9663  0.0045  0.0101  0.0088  0.0009  0.00032  
 
10.2 Emission factor tables - AP-42 
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10.3 Emission factors for uncontrolled gasoline and diesel industrial engines 
 
10.4 Emission factors for tugs & towboats, dredge, and other vessels 
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10.5 Fuel comparison chart for Btu/gal values 
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